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Introduction 36
The term trace organic contaminant refers to contaminants present in water and wastewater at 37 very low concentrations. Types of trace organic contaminant include endocrine disrupting 38 compounds (EDCs), pharmaceutical and personal care products (PPCPs), and disinfection by-39 products (DBPs). PPCPs and EDCs, for example, can enter the water supply as a result of 40 domestic and industrial usage. Certain trace organic contaminant have been shown to impose 41 adverse impacts on human, wildlife and aquatic ecosystems (Ottinger et al., 2002; Purdom et 42 al., 1994) . Table 1 lists toxicological effects of various trace organic contaminant on human 43
and aquatic organisms as reported in the literature. 44 45 Trace organic contaminant have become an increasing cause of concern for governments and 46 water authorities around the world as they attempt to implement sustainable water reuse 47 practices. The presence of PPCPs in potable water is of concern given that the impact of 48 prolonged low-level exposure on human health is not yet clearly understood (Daughton and 49 Ternes, 1999) . In order to address the problem of water scarcity and the potential impacts of 50 climate change, indirect potable water reuse schemes are being implemented to augment the 51 water supply (Radcliffe, 2006) . Therefore it is vital that effective water treatment processes 52 are employed to remove trace organic contaminant, and thus ensure that any potential human 53 health risks are mitigated prior to consumption. PPCPs as a category of trace organic 54 contaminant refer to a range of pharmaceutical and personal care products which can be 55 present in natural waterways and wastewater due to a variety of waste sources, including 56 household waste, hospital waste, and waste from pharmaceutical companies. PPCPs are 57 Table 2 summarizes the advantages and disdvantages of the available techniques for trace 90 organic contaminant removal from water/wastewater. All methods listed here have some 91 advantages as well as some drawbacks, and a universal standalone process applicable for 92 majority of the trace organic contaminant is yet to be developed. In general, the advanced 93 processes are more energy intensive and complex in operation than conventional treatment 94 processes. Because chemical coagulation and flocculation is a cost-competitive, common 95 method, it is logical to investigate ways to improve their performance of trace organic 96 contaminant removal. 97
98
It is important to note that although the coagulation process has been shown to achieve 99 insignificant removal of certain trace organic contaminant, the process of coagulation and the 100 types of coagulants currently being used have not been designed for the purpose of trace 101 organic contaminant removal. Therefore opportunities exist to optimize the coagulation 102 process by selecting the most appropriate coagulants and potentially redesigning the 103 coagulation process to maximize trace organic contaminant removal. If the coagulation 104 process can be optimized, it may be possible to devise efficient, hybrid treatment processes. Table 4 presents a succinct summary of the data presented in Table 3 to highlight the 155 average removal according to compound class. 156 157
Pharmaceuticals 158
The removal efficiency of coagulation process in the removal of trace organic contaminant 159 varies significantly, with complete removal observed only for a small number of compounds. 160
For instance, one particular study showed that coagulation using aluminium sulphate 161 (Al 2 (SO 4 ) 3 ), in combination with flocculation and sand filtration, was able to completely 162 remove five out of the thirty-five trace organic contaminant (pharmaceuticals) detected in the 163 raw water at a drinking water treatment plant (Huerta-Fontela et al., 2011). The five 164 pharmaceuticals completely removed included chlordiazepoxide, zolpidem, bromazepam, 165 clopidogrel and doxazosin. This study also noted removal efficiencies of around 80% for 166 three other pharmaceutical compounds, namely warfarin, betaxolol and hydrochlorothiazide. 167
The effective removal of the above mentioned eight compounds, with the exception of 168 hydrochlorothiazide, may be the result of a removal phenomenon known as partitioning, 169
given their relative hydrophobicity (Huerta-Fontela et al., 2011). However, the remainder of 170 the trace organic contaminant tested in this study showed less than 50% removal during this 171 treatment phase, indicating that coagulation, flocculation, and sand filtration are largely 172 inefficient in removing those pharmaceuticals. 9 55% and 66%, from river water samples using polyaluminium chloride (PACl) coagulants. 178
The effective removal of the tested tetracycline antibiotics in this case may be due to the 179 effects of sweep coagulation in the river water samples, and charge neutralization in the 180 synthetic water samples, respectively (Choi et al., 2008) . The most poorly removed antibiotic 181 seems to be sulfamethoxazole which has shown negligible removal using both ferric chloride 182 
Musk fragrances 196
Musk fragrances are personal care products which can be found in products such as 197 detergents and cosmetics. Some selected musks were shown to be removed to a high degree 198 when using coagulation and flocculation at an urban sewage treatment plant (Carballa et al., 199 2005) , and as a pre-treatment method for hospital wastewater (Suarez et al. Polyaluminium chloride (PAX-18) was found to be the most suitable coagulant for this 216 purpose, with removal efficiency of greater than 30% observed for estriol, diethylstilbestrol, 217 and mestranol (Bodzek and Dudziak, 2006) . Ferric sulphate as a coagulant however was 218
shown to be less efficient in removing the estrogens used in this study, with the exception of 219 estradiol where it produced similar removal to the polyaluminium chloride coagulant used 220 It is interesting to note from Table 3 and 4 that the musk fragrances investigated in various 242 studies consistently showed significant removal by coagulation. Good removal (near 50%) 243 was also obtained for pthalate plasticizers, but the amount of available data is not sufficient to 244 draw a meaningful conclusion. Pharmaceuticals of different compound classes on an average 245 received a removal of around 30%. However, given the great variations in physico-chemical 246 properties of the pharmaceuticals, the removal of compounds even within the same 247 therapeutic class was observed to vary significantly. For instance, out of the anti-248 12 inflammatory drugs listed in Table 3 , only diclofenac consistently showed around 70% 249 removal, which is significantly high compared to the average of 35(±23)% estimated for this 250 compound class ( Table 4) . The average removal of the compound class "stimulants" was 251 34(±34) % which may be attributed to the fact that the compounds within this class were 252 often poles apart in terms of their removal by coagulation-for instance, while complete 253 removal of amphetamine was observed, caffeine was barely removed ( Table 4) . It should be 254 also noted that significant variation in removal of the same compound (e.g., caffeine) may be 255 
Combination with biological reactors 545
It is very interesting to note that among the compounds listed in Table 3 a 
26
The impact of the data collected from the literature reviewed in this study is limited by the 578 amount of research which has been conducted to date focusing on this specific topic. This 579 may be attributed to the relatively recent increase in the scale of water recycling schemes for 580 the augmentation of potable water supplies, and the associated increasing concern regarding 581 the presence of trace organic contaminant. Another reason for the lack of focus on 582 coagulation is that it is generally considered to be an inefficient method of removing trace 583 organic contaminant, and as a result there seems to be a stronger focus on advanced methods 584 of water treatment which have shown to, or are considered to have the potential to be, more 585 efficient methods of removing trace organic contaminant from water. In addition to the 586 limited amount of research in this specific area, the data specifically relating to coagulation 587 was often insufficient to draw meaningful conclusions regarding the effects of coagulant type, 588 dosage and operational parameters. The pH of the water during the coagulation treatment 589 stage was not frequently reported and thus it was not always possible to determine the effects 590 of pH on the removal efficiency. 
